Abstract-Typical Ultra Wide Band (UWB) systems are built to meet Quality of service (QoS) constraints under multiple access environment. We propose a UWB physical layer that adapts its number of frequency and time hops to efficiently meet QoS requirements. The proposed adaptive UWB uses side information to know the current QoS and adjusts its number of frequency and time hops accordingly. The system employs adaptive frequency and time hopping pulse position modulation (AFTH-PPM). We have derived an expression for the bit error probability for single user and multiple user synchronous transmitter case under additive white Gaussian noise (AWGN). The bit error rate (BER) performance is evaluated under AWGN with multiple access communication.
I. INTRODUCTION
Ultra wide band [1] , [2] is a new technology that has the potential to revolutionize wireless communication by delivering high data rates with very low power densities. Since they use very short pulses with approximately one nano second, the signal energy is widely spread up to several GHz, which may interfere with existing narrowband communication systems. In order to avoid interference to existing narrowband systems we must strictly meet the FCC rules for power limitation. This restricts the use of UWB for personal area networks (PAN).
Under multiple access scenario the presence of multiple user signals transmitting at same time is typical source of interference for wireless signals. There are several multiple access schemes namely Time Hopping (TH) [3] , [4] , Frequency Hopping (FH) [5] and Direct Sequence (DS) [6] wherein orthogonal codes are used to avoid multiple access interference (MAI). Efforts have been made to reduce the multiple access interference by designing orthogonal hopping sequences [7] . However in practice, the received signal from different users are not orthogonal because of multipath and asynchronous transmission and varying number of UWB transmitters. And also it is not possible to design orthogonal codes for all shifts. Because of varying number of active UWB devices MAI also varies. In order to meet QoS UWB has to adapts its parameters so that MAI is avoided. Reference [8] proposed adaptive Mary PPM modulation for optimization interms of data rate and energy to meet QoS requirements. It is possible to meet the required QoS using only adaptive time hopping but at the cost of reduced data rate.
In this paper, we propose a new scheme adaptive frequency and time hopping, which adapts its number of frequency and time hops depending on the required bit error rate (BER) in multiple access communication under additive white Gaussian noise (AWGN). This new technique overcomes the problem suffered by adaptive time hopping. The exact probability of error is derived for single user and multiple user under synchronous transmitter case. Simulation is carried out for both synchronous and asynchronous cases. Second derivative of Gaussian pulse is considered for multiple access analysis.
The paper is organized as follows. In Section II, the system model and construction of the frequency and time hopping PPM UWB signals is described. In Section III error probability of M-ary PPM over AWGN channel is presented. In Section IV multiple access interference and error probability analysis is presented. In Section V adaptive frequency and time hopping UWB explained. Simulation results and performance is given in Section VI. Finally Section VII provides conclusion.
II. SIGNAL AND SYSTEM MODEL
The frequency and time hopping M-ary PPM system model for ¢ th user in given by
(1) where
is the signal amplitude,
represents the second derivative of Gaussian pulse with pulse width 
The received signal after frequency demodulation can be modeled as:
where
is AWGN noise with power spectral density
is the propagation delay for the ¢ th user,
is the received pulse waveform. PPM receiver uses bank of M correlation receivers followed by a detector. Even though the number of users are more than one still an M-ary correlation receiver is typically used for simplicity.
III. ERROR PROBABILITY OF M-ARY PPM OVER AWGN

CHANNEL
The vector representation of an M-ary PPM for single user case is defined as an P dimensional vector with nonzero value in w th dimension.
where is the average signal energy. The received signal can be expressed as x l q
As illustrated in 
where the non zero value 1 is in the B th dimension. Assuming x y was sent, the optimum detector makes a decision on x y in favor of the signal corresponding to the cross correlator with the minimum Euclidian distance.
The average probability of a correct decision is given by [11] 
where,
Finally, the probability of a symbol error for an M-ary PPM is
IV. MULTIPLE ACCESS INTERFERENCE AND ERROR PROBABILITY MAI is the factor limiting the performance and capacity of the system when more than one user is active. MAI can be modeled as a zero mean Gaussian random variable if number of users are large [9] . Assuming M-ary PPM signal are orthogonal (i.e
) the MAI and error probability analysis given in section III for single user system can be extended to multiple access system.
A. Multiple access interference and error probability
MAI is the factor limiting the performance and capacity of the system when more than one user is active. MAI can be modeled as a zero mean Gaussian random variable if number of users are large [9] . Assuming M-ary PPM signal are orthogonal (i.e
B. Multiple access interference and error probability
As given in (3) the base band received signal is modeled as
to evaluate the MAI , we make the following assumptions: 
At sample time¨² t B D F
, the output of each filter
Assuming PPM signal x y is transmitted by user 1, (17) can be written as
where MAI component as
(19) can be written as
is the time difference between user 1 and user
Under the assumptions listed above, Å can be modeled as a random variables uniformly distributed over
. The MAI is modeled as a Gaussian random process for the multi-user environment [10] . With the Gaussian approximation we require the mean and variance of (18) to characterize the output of the cross correlators.
The AWGN component has zero mean and variance i i r t ( v , the mean and variance of MAI are pulse waveform specific. The calculations are carried out considering double differentiated Gaussian pulse as the transmitted pulse and all PPM signals are equally likely apriori, The double differentiated Gaussian pulse is defined as
where, Ô is pulse shaping parameter, The autocorrelation of double differentiated Gaussian pulse is then
V. ADAPTIVE FREQUENCY AND TIME HOPPING UWB Under the multiple access environment traditional communication with fixed modulation scheme is inadequate to efficiently meet QoS requirements. In (28) it is shown that MAI can be reduced by increasing the number of frequency hops or time hops. Hence to meet QoS requirements we propose dynamically changing number of frequency and time hops.
In adaptive frequency and time hopping-UWB the first step is to examine the current QoS, the second step is to check the required QoS, the third step is to adapt number of hops accordingly. In this paper QoS is BER and data rate. Since the communication among UWB is not centrally controlled the number of active UWB devices in the area is not known. In order to know current QoS we propose two adaptation schemes: (i) UWB trans-receiver transmits bits at regular intervals and listens to calculate the BER. Depending on this information number of hops are varied to meet required BER.
(ii) All active UWB devices regularly send "Hello" messages Binary data is generated using uniform random number generator for each user and modulated using UWB pulse. AWGN noise is generated and added to modulated signal. bits is transmitted and BER performance tested. Receiver uses a frequency demodulator followed by correlation type detector, it is assumed that frequency and time hopping sequence of user of interest is known. . It is observed that introduction of frequency hopping along with time hopping greatly reduces MAI and hence reduction in bit error probability. further doubling the frequency hops improves BER performance by 2dB.
It is also observed that asynchronous transmission performance is better than synchronous transmitter case. This is because of the probability of two or more users transmitting . It can be observed that probability of error decreases with introduction of frequency hopping and improves by 2dB for every double in frequency hopping. Fig. 6 shows BER plot as a function of number of users and number of frequency hops for a fixed i d 9 p t Ø for SNR of 10 db and 15 dB with i t . Therefore using these plots the system can adapt different frequency and time hops for the required BER under multiple access condition.
VII. CONCLUSION
In this paper we proposed an adaptive frequency and time hopping PPM for UWB to maintain the required BER performance under AWGN and multiple access environment. It is shown that significant improvement is achieved as the number of hops are increased, Based on the exhaustive simulation results we conclude that the value of
which is 12 times the number of users is sufficient to maintain a BER of r Ì with C í % t % i r of 10 dB.
